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NOTES

*Uni versity Distinguished Professor, Department of Econom cs and Busi ness,
North Carolina State University. Partial support for this research was
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Protection Agency to Vanderbilt University.

1. In February, 1981, Executive Order 12291 was issued. It required a
benefit cost analysis for all mgjor regulations where statutes did not prohibit
use of such analyses. \Wile there were quite disparate views as to whether
this order alone would increase the role of economic analysis in the evaluation
of environmental regulations (see essays in Smith [1984] for early

di scussions), it seens now, after eight years, to have changed the way

regul ations are discussed and evaluated. Benefit-cost results are a part, and
certainly not the exclusive part, of evaluations of new and existing
regulations. See U S. Environmental Protection Agency [1987] for an interval
review of the effects of the benefit-cost nandate.

2. This is frequently the focus of benefit transfer exercises used in policy
analyses and in summary studies designed to provide valuation estinmates in
anticipation of policy evaluations. The reviews by Sorg and Loonis [1982] and
Walsh et al. [1988] for the U S Forest Service as part of inplenmenting the
multiple use and sustained yield legislation are exanples of this approach.

3. See Mwod, Gaybill, and Boes [1974], pp. 180-82, for exanples and

di scussi on.

4, Bockstael and Strand [[1987] used the total consumer surplus. By adopting
this formulation, | avoid consideration of the source of the errors.

5. The derivation underlying these results does not drop the covariance terns
as Adramowicz et al. [1989] does.

6. Anot her approach first identified as relevant to this problem by
Bockstael et al. [1984] was devel oped by Zellner [1978]. It is the mnimm
expected loss estimator. Zellner's loss function expresses the mean squared
error relative to the true value of the paraneter. For the semlog nodel, it
offers a direct estimate of the cs/q as s*

1 1
-] =)
- 1+ (Vg/B)

It was also evaluated in the sanpling experinents reported bel ow but was found
to be inferior in all cases to the AMVBE estimtor.

7. Clearly this practice nust be used cautiously. It would prevent rejecting
existing theory based on contradictions. This is not what | intend to inply
here. Rather ny focus is on mintained theory underlying a nodel that is not
subject to test in any specific application.
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Demands for Data and Analysis Induced by
Environnental Policy

b
Cifford S. Russell yand V. Kerry Smth*

I. Introduction

Econom ¢ analysis of environnental policies is, if not uniquely, at |east
unusual ly difficult. Resolution of these difficulties requires substanti al
investment in data collection and nodel construction, only sone of which is
directly economc. Sone of the reasons for the difficulties of environnental
benefit-cost analysis are well known, appearing in internediate and even
el ementary mcroeconomic and policy analysis texts. Thus, even the average
econonmi ¢cs undergraduate major can be expected to appreciate that there is a
probl em findi ng denand functions for many services of the natural environnent
because they are public goods. At nore advanced levels, they wll learn about
such thorny technical issues in inplenenting proposed solutions to this
problem Those interested in policy learn about the conflicting naze of

environnmental legislation, including problems of overlapping jurisdiction,

*Respectively, Director, Vanderbilt Institute for Public Policy Studies,
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provided through U S. Environnental Protection Agency Co-operative Agreenent
No. CR812564. Thanks are due Ernie Berndt, Tom Tietenberg, Peter Caulkins,
Bill Desvousges, and Paul Portney for their suggestions on research related to

this paper.
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differences in burdens of proof and, nost significantly, disagreenments between
| aws over what role, if any, econonmic analysis should play.
But neither the technical economic nmatters nor the special policy
probl ems, challenging though they may be, provide the principal explanation for
our assertion that the benefit-cost analysis of environmental policy may well
be uniquely difficult. Rather, that assertion is based on the central place in
such anal yses of the conplex relationship between policy inplenentation choices
on the one hand and the relevant natural systems (especially atmsphere, water
bodi es, soil and resident plant comunities and ground water) on the other.l
To set the stage for a nore careful exanmination of this assertion, let us
consider the nature of the system of environmental regulation and the origin of
the conplications in which we are especially interested. Figure 1 conbines an
overview of the linkage between policy choice and resulting benefits, with
indi cations of the complications arising at each stage in the linkage. |In the
next three sections we shall exanmine in turn each of the links in the figure
- In section Il, we shall describe sone of the problens inplied by the
way standard setting is constrained and practiced and by the
necessity of choosing an acconpanying inplenentation plan
- In section |11, we concentrate on the central role of know edge of
natural systens interacting with choice of inplenentation system
- In section IV we cone to sone of the nore obviously and traditionally
econonmi ¢ issues connected with valuing environmental services.
The final section of the paper brings together the analysis of sections

[1-1V with a brief assessment of key energing policy issues to produce our

version of a catalog of data-gathering strategies likely to be nost relevant
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and valuable for analyzing future decisions of the allocation and nanagement of
environmental resources.

Wil e our approach to identifying data needs builds from specific exanples
of current policy issues, the questions raised are general ones. Thus, we do
not attenpt to catal og what we consider to be the nobst inmportant environnenta
policy issues in 1988 and then base an evaluation of data requirements on them
Instead we argue that the interactions between the statutes defining the
character of environnental policy and the role of natural systens for
econom ¢ agents' behavior affect the problens that would appear on any |ist
that mght be conposed. Thus, regardl ess of whether one believes global
warmng or indoor air pollution is anong the npbst pressing environmental
questions, econonic analysts will need to incorporate what is known about a

form of these interactions in developing their analyses

[1. Choosing Standards and |npl enentation Pl ans

Table 1 (adapted from EPA 1987a) summarizes the major criteria to be
considered by the Administrator of EPA in deciding on standards under a variety
of legislative mandates. Two features of this table are especially striking
First, the criteria used to choose standards frequently focus on a subset of
the information that would be part of a full benefit-cost analysis. For
exanple, under the Clean Air Act the primary standards for criteria air
pollutants are to be based on human health effects but cannot include
conmpliance costs in the process of defining the standard.2 In contrast, under
the Clean Water Act, the definition of one type of technol ogy-based standard,
Best Conventional Treatnment (BCT), can be based on costs (in comparison with

the marginal costs of secondary treatnent at nunicipal waste treatnent
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facilities) but not on the specific benefits to be realized at individual water
bodi es.

Second, the nandates involve significant areas of overlap where different
regul atory analyses are intended to influence the same types of pollutants in
the anmbient environnment, e.g.: primary standards for Criteria air pollutants
and New Source Performance Standards defined on the basis of the effects new
di scharge sources would have on the concentrations of these pollutants.

One inportant inplication is that economc analysis (in this case,
benefit-cost analysis) usually involves an evaluation of the net
effect of standards chosen on sone basis other than econom c efficiency.
Another is that standards set under one provision of one law may well overlap
in their effects with those set under another provision or law This raises
difficulties for the definition of benefits -- at |east whenever narginal
benefits are non-linear -- because of the interdependence of baselines.

O her serious problenms introduced by the standard setting operation can be
considered in a few specific exanples. Setting an environnental standard of
either the discharge or anmbient sort requires that the regul ator mnust:

(Ri chmond 1983)

- identify the pollutant to be regul ated.

- select the form of the standard (i.e., a technology to achieve an

em ssions rate or an anbient concentration).

- choose the concentration or discharge amount that will be the average

target.

- pick the averaging tine over which the target is to be met (an hour,

a day, a week, a year...).
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- define the exceedance rate(s) of interest (e.g.: a weekly average
standard might be paired with a daily upper limt).

- define what constitutes a violation, taking account of the
statistical error structure displayed by the nonitoring equiprent and
other relevant sources of uncertainty (such as neasurements made
across a sanple of different applications of a technology where the
standard is technol ogy based).

Thus, evaluating the net benefits of an environnental standard is a
conplicated business. Not only do we lack information on the effects of average
(or peak, as applicable) exposures to particular pollutants (or ecological
effects of average concentrations), we also should be able to evaluate
alternative patterns of allowed exceedance. In practice we are fortunate if we
have the data from which to estimte dose-response functions over any range and
averaging tine.

The case of the particulate matter (PM anbient air quality standards
permts us to see sone of the troubles that can arise even within this limted
context. The benefit-cost analysis done for PM was the nost expensive of those
di scussed in the EPA report cited above (EPA 1987, FN 1). It seens reasonable
to assune that the quality of the analysis reflects these expenditures.

The first and largest problem in analyzing PM benefits was that the
avai |l able laboratory evidence on the health effects of airborne particul ates
did not match up with the avail able anbient measurenents. Laboratory
t oxi col ogy suggested that particles smaller than 10 microns across were
responsi bl e for whatever health damage was observed. Since preventing health
danage was the nandated basis of the standard, the anmbient standard had to be

witten in ternms of these small particles. Anbient neasurenents, with a few
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i sol ated exceptions, had for years been done in terms of total suspended
particulates (TSP). As a consequence, epideniological studies aimed at finding
health effects associated with airborne particulates inevitably |abored under
an inposed errors-in-variables problem

More fundanental ly, however, analyzing the total net benefits of the 10-
mcron PM standard required that the relation between TSP and the distribution
of particles by size, both before and after a standard, be understood. In
addition, the analysis does not end with health because other benefits could be
identified that depended on other sizes of particulate matter. In fact, the PM
study conducted by EPA (and subcontractors) involved separate assessments of
the health benefits (including nortality and morbidity effects), the household
benefits fromreduced soiling and material s danages, and the benefits to the
manuf acturing sector fromreduced soiling and materials damage. The first two
relied on judgmental appraisals (see MathTech [1983]) of the "best" estimates
of dose response relationships and the last two involved the devel opment of new
model s |inking consumer expenditures (on commodities related to househol d
cleaning) and sectoral cost functions to neasures of particulate
concentrations.

The inportance of the institutional setting in conbination with the
technical and natural systens also can be seen in the cost estimates for the
PM st andard. Devel oping these estimates required a specification of how
states would formulate their State |nplenentation Plans (SIPS), the degree of
conpliance with the plans, and the resulting estimated levels of particulate
em ssions. Emissions then had to be translated into estimtes of the anbient
concentrations of particulates. O course, uniform anbient air quality

standards do not inply uniform levels of actual air quality, a point we return



5.7

to in Section Ill. The changes in air quality froma specified baseline
defined spatially will depend on how the assumed SIP describes the process
the set of discharge reductions) used to nmeet the standard in each air
quality control region.

To stress the analytically arbitrary nature of the institutional context,
we report an exanple drawn from Liroff [1986]. Wen states decide how to
achieve the National Ambient Air Quality Standard (NAAQS) for a pollutant, they
may have a choice anmong different average levels of emission reduction
depending on which nmathenmatical mdel of the local atnospheric system they
choose to use to predict ambient concentrations. Table 2, based on Liroff's
Table 2.2, shows the choice facing Chio in designing its inplenentation plan
for ground-level ozone, The two alternative nodels lead to alternative
patterns of predicted ambient concentrations, though both would show no
violation at any nonitoring site. Thus, the predicted net benefits of the
ozone NAAQS in Chio (and generally in any state) will depend on the choice of
nodel i ng techni que, not just on the average |evel of the standard. O course,
it is possible that either or both nodels may be wong. Neither pattern of
reductions might in fact result in neeting the NAAQS.

Let us now turn to natural system information and nodeling, and the
implications of how we handle such matters for our estimates of the benefits of

envi ronnent al standards

[1l. Bring in the Natural Wrld
The evaluation of environmental policies inevitably involves economsts
with the systems that nmake up the ambient environnent, If a policy mandates a

reduction in polluted waste water discharges from industrial and publicly owned
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sources, the streans, rivers, |akes, and ponds that constitute the receiving
waters translate the discharge reduction into anbient quality inprovenents that
are valued by individuals. Turning this notion around, if public policy

i nvol ves mandated upper linmts for concentrations of pollutants in the anbient
atmosphere, the transportation, dilution, and transformation processes at work
in that atnosphere nust have a key role in determning how much discharge
reduction has to be acconplished to neet the standard

Wiile this seems intuitively clear, the inmportance of know edge of those
processes is greater than these observations suggest. There are two reasons
for this. One is ubiquitous; the other is found to be central to sone
situations and not to others. The ubiquitous influence is space, the
differential location of pollution sources and pollution receptors in the two
di mensi onal plane.3 Additional conplication is introduced by the non-linearity
of nmpbst environmental processes.

Consider the role of location. In the sinple situation, a policy is
represented graphically or mathematically by a single marginal benefit (or
damage) and a single marginal cost function. These may have as argunents
ei ther anbient pollutant concentrations or pollution discharged. The optinmm
policy is defined by the usual MB-MC condition. The addition of spatial detai
nerely replicates this condition at each location. That is, efficient policies
equate the narginal benefits to the marginal costs of realizing a given |eve
of anbient quality at each location. In conventional Pareto efficiency terns
this corresponds to equality of the relevant sum (for that location and its
residents) of the marginal rates of substitution for environnental quality (in
relation to a numeraire) to the corresponding shadow price describing the rea

costs of attaining it. The natural systemis inplicit in the definition of the



5.9

real marginal costs. \Wen perfect mixing of all pollution discharges produces
uni form concentrations of pollutant everywhere in the ambient environment -- as
is roughly true for sone air pollutants under certain physical and

met eor ol ogi cal conditions -- the sinple nodel offers a reasonably good

approxi mat i on.

But in the largest nunmber of cases, it does not. For a mandated policy of
em ssion reductions, even if that policy involves equal percentage reductions
at all sources, the amount of anmbient quality inprovenent will, in general, be
different at every point in the relevant environmental nmedium |f the policy
to be evaluated involves mandated anmbient quality standards, the situation is
even nore at odds with the sinple nodel. Not only will the concentration in
the standard characterize only a few points in the environment after the policy
is inplenented, but which points those are and by how much the quality at every
other point is better than the standard will, in general, depend on exactly how
the standard is inplenented.

Both environmental quality levels and, nore inportant, inprovenents in
quality attributable to a policy are different at every point in the
envi ronnent . Moreover, every point is usually characterized by different

| evel s of human "use." Thus, for exanple, some points in the atnosphere
coincide with dense residential population, some with sparse; some coincide
with industrial plants, some with office buildings, some wth vacant space.
Simlarly, along a river some segnments will have heavy recreational use (or
prospectively have such use) because of conditions of access, bank type,

current, and tenperature. Other segnents may be unattractive to recreationists

for reasons having nothing to do with the level of pollution at that |ocation.
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Therefore, the estimates of benefits of proposed (or actual) environnental
managenent policies are intrinsically dependent on the accuracy of our
know edge of the natural world processes, upon the detail required for the
spatial resolution and on the inplenentation plan assumed in the analysis. 4

The net benefits of a given policy, P, can be witten in fairly general terms

as follows:

(1) NB (P) = B, (£, (D (B)) + £, (D, (B)) + . . . + £ (O, (B)))

+B, (f;, (D; (P)) + £59 (0, (BY) + . . . + £, (D (P)))

+B_ (flm (0, (B)) + me (02 B +. ..+ fnm (Dn $)))

-Cl (Xl - Dl ™) - C2 (X2 - D2 (P ) - ... - Cn (Xn - Dn (B)))

Where there are m points (call them receptor |ocations) at which we agree to
neasure anbient quality and infer benefits, and n sources of pollution. The
functions fij (Dl (P))represent the environmental transformation of discharge

| evel Di (P)into a contribution to ambient quality at point j. Witing D, as

i
a function of P, the policy, enphasizes the point that (in nost cases)
pol lution managenent policies operate through affecting discharges of
pol lutants. The ciq.) functions describe the coats to source i of reducing

em ssions by Xi - D1 (P), with xithe uncontrol | ed em ssions of that source.

In general, the benefit functions (Bj( )) are different for every j
because of the factors nentioned above. Thus, every discharge level is a
function of the policy choice and the anbient quality at every receptor
location can, in principle, be a different function of every discharge |evel.

For exanple, if B consists of a required 50 percent reduction of pre-policy
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discharge at every source, that defines the vector {Dl (f’)....,Dn (13)}.5

These discharges are transfornmed by the functions fi (Di) into anbient

J
pol lution (or quality levels; and the resulting quality at each receptor

| ocation is valued using the functionsBk( ). If, on the other hand, the
policy P requires an upper linit on anbient pollution at any receptor |ocation,
call it Sk, anal ytical inplementation inplies funding a vector of discharges
satisfying the requirement. This will depend on the functions fij (Di)' for we

are solving a problem of the following form

find D, (B) such v, = fi

1%ty (Dy (P)) s S

x
This is different than the description in textbooks because the policy is not
defined to meet an efficiency criterion. W sinply use (1) to evaluate how its
inmplications relate to the net benefits realized with some baseline or status
quo position. There may be no such vector. Mre often, since n > m there wll
be an infinite nunmber. The benefits flowing from the choice Skwill depend on
whi ch vector D (Sk)is eval uated. This is because every such vector will, in
general, produce a different pattern of ambient quality across receptor

|l ocations. Further, in this general fornulation, there is no presunption that
quality better than the standard is valued at zero.

To illustrate what happens if we ignore the natural system we offer one
very sinple and two not-so-sinple examples. First, consider a hypothetical
region with two sources of air pollution and three receptors or agreed-on
nonitoring locations. The sources are, in fact, linked to the receptors by an
atmospheric system that can be characterized by a matrix of transfer

coefficients, T, as follows:



Recept or
I [ 1
Source: A 2 1 0.5
B 1 2 2

: . : . : : 7
Anbient quality, Q is determned on the basis of source discharges as:

(2) Q- DT where D- (D

A'D

B)

And the benefits of discharge reductions are assuned obtai nabl e, as danages

avoided, from a quadratic damage function.

2 . 8
(3) 6;(Q =Qq for each receptor i

5.12

If initial discharges are DAO - 4, DBO - 2, the base or initial quality levels

are: ?

(4) 1Qg,) - (10,8,6)

with resulting danmges:

(5) £ Gy - 200
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The effect of what we night call environnental ignorance is illustrated by
illustrated by considering three different ways of evaluating the benefits of
setting increasingly stiff anmbient quality standards, sj:

(1) W know not hing about the environment (in particular, we do not know

T), so we sinmply work from the regional average concentration before
the standard is set and assunme that the standard is the average
concentration after it is set. Let us denote this approach to

estimating benefits as method 1, designated Bl, Then:

where j indexes the severity of the standard.

(2) W still know nothing about the atnospheric system (T) but
di saggregate benefits. In this fornulation, benefits are calcul ated
only for receptors where the initial quality level is worse than the
standard. Mreover, it assumes that at every such point, after the

i mposition of the standard, quality just equals the standard. This

is method 2 (Bz), given by (7):

2
(7 Bj - 'f G(Qio) - G(SJ)
for all i such that Qio > Sj-

(3) W know and use T. Inplenentation policy is a "roll-back" rule from

base period discharges. That is, with particular standard, sj'the
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roll-back rule specifies that each discharge is reduced by the

proportion Rj' gi ven by:

(8) . Max (Q ) - sj

Mix Q)

so that benefits are

3 .
(9 By = {G(Qio) -G Q(Rij))}
wher e
T

Each of these nethods provides a definition of the aggregate benefit
function and with it describes our know edge of the environment. Table 3
summarizes the aggregate benefits under the three definitions for four levels
of anbient quality standard: 8, 6, 4, and 2. Both total and narginal benefits
are shown, with the latter defined as the difference between the benefit at
st andard SJ.+2 and at Sj divi ded by 2.

At those standards with small inprovenents over the baseline quality, the
three measures exhibit the least agreenent for both total and narginal
benefits. Methods (1) and (2) ignore benefits produced by inprovenents beyond
the standard required by the control actions necessary to meet the standards at
the binding receptor. 10 As the standard is tightened they exhibit closer
cor respondence. This is not surprising because as the standard is tightened

toward zero pollution, the variation around the average anbient level is

reduced. Thus, the difference between the standard and the quality level at
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any particular nonbinding receptor is reduced, and with it the sources for the
2

di fferences between Bl' B and B3din1nish.

The marginal benefits calculated ignoring the natural system are an
especially unreliable guide to optimal policy choice. These results are not
sinply artifacts of our exanple. Two nore realistic cases illustrate the peri
of ignorance of the natural world' s systems. The first is based on the data
devel oped for the Baltimore, Maryland, region in the paper by MGartland, et
al. [1988], wusing their air quality results (for total suspended particul ates)
and translating theminto versions of our surrogate benefit measures. The
primary difference is that Method 3 reflects a least-cost rather than a roll-
back scheme for inplenentation. So we refer to it as Method 3' (see Appendix A
for data and nethods). Table 4 contains a summary of the results for total and
margi nal (surrogate) benefits for each estimation approach or |evel of
know edge. The marginal benefits calculated by MGartland, et al. are shown at
the bottom of the table.

Thus, in in a nuch nore realistic exanple, the nethods that ignore the
natural environnent produce problematic estimtes of narginal and tota
benefits. Method 1 shows no benefits because the base case average TSP
concentration is already below all the standards considered. Method 2 produces
substantial underestination of both marginal and total benefits. It ignores
i mprovenents at receptors that have quality better than the standard before it
is inposed.

Mdi fied Method 1 depends on sinple reduction of the average TSP
concentration for the region for each standard level by the same Percentage as

that standard represents a reduction of the baseline standard that MGartl and,

et al. use in their benefit calculations, 120 mcrogranms per cubic neter. It
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produces total benefit numbers roughly simlar to those obtained in Method 3',
the method reflecting best available know edge of the environment. But this
apparent inprovenment does not extend to marginal benefits. The actual pattern
obtained via Method 3' shows an early peak at 110 ug/m:,,‘ foll owed by a dip and,
t hen, subsequent increases. Indeed, narginal benefits are still increasing at
the strictest standard shown. 11

O course, one might criticize this exanple as well, nothing that we are
not working with a 'real' damage function. Qur |ast exanple does just that,
using data on water quality changes, as neasured by dissolved oxygen, generated
by a complex and quite realistic nodel of the Delaware River Estuary; a mapping
of dissolved oxygen (DO into sustainable recreation types from a second
source; and an annual per capita willingness to pay for the availability of
wat er - based recreation by type froma third source. (The details of the data
and cal culations are set out in Appendix A ) The results for total and
mar gi nal benefit estimates are given in Table 5.

The patterns of marginal benefits once again display the largest effects
fromignorance of the natural world. Method 1 inplies there would be no
benefits of going from the baseline situation to a standard of at least 3.5
parts per mllion (ppm) of DO for every reach of the river. But the marginal
benefit of tightening the standard from 3.5 ppmto 5.0 ppm of DO is 420.2.

Under Method 2 -- reach-by-reach disaggregation, but assumng benefits only for
reaches that are initially worse than the standard -- the narginal benefit of

the 3.5 ppmstandard is 184.5 and that of the 5.0 ppmstandard is 326.1. This
pattern is alnost exactly the reverse of that observed when conplete know edge

is used in Method 3. In this case, the marginal benefits associated with the

| oner standard are 372.7, while those associated with the next inprovenment to
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5.0 ppm are 208.7. Thus, even though the total benefit estinmated to be
associated with the tougher standard are roughly sinmlar for Methods 2 and 3,
the narginal benefit patterns are very different.

The results of these exanples may be so obvious that their applicability
seens doubtful. Wio woul d ever use nethods such as (1) or (2)? The answer --
and this is the key to our later recomrendations -- is just about everyone. An
exam nation of the invaluable conpilation of benefit estinmates published by
Freeman [1982] reveals that every one of the reported air pollution benefit
studies uses a version ofB1 or Bz’ with nost relying on a method very like
Method 1. The water pollution benefit studies he sunmarizes all use a version
of Bz in which full attainment of the nost anbitious standards (or anbient
quality goals) of the Cean Water Act (CWA) is assumed.

As inportant as pointing out the preval ence of benefit estimates based on
i gnorance of natural systens is an attenpt to understand why the cause also
merits consideration. In the case of water pollution control benefits, the
answer is generally that insufficient resources have been invested in the
research needed to reduce our ignorance. Translating the technol ogy-based
di scharge standard definitions of the CWA into actual discharges from tens of
thousands of point sources of water pollution is hard enough. But then
transl ating such changes in discharges, were they available, into changes in
water quality indicators that in turn can be valued by individuals involves
data gathering, nodeling, and basic conceptual research efforts beyond what the
sponsors of such research have been willing to pay.12 Finally, the data on
valuation that is available generally is in the form of step functions unsuited
to the valuation of benefits of small inprovenents in quality, especially at

reasonably clean receptor |ocations.
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For air pollution benefits, the state of the art of em ssion inventories
and air quality nodeling has for sone tine been capable of supporting the sort
of disaggregated, |ocation-specific benefit estimates obtained by MGartland et
al. [1988] for Baltinmre. \When national total benefit estimates have been the
object of the exercise, however, it apparently has been too daunting a task to
manage the necessarily massive data banks and atnospheric nodels.

Finally, before we turn to the next concern of this paper, the valuation
of environmental quality changes, we should consider the effects of
i nmpl enentation plans on benefits. This is the primary concern of MGartland et
al. [1988]. \Wile their paper actually is addressed to the relevance of
benefit estinmates for the choice between regulatory approaches ("comand and
control" versus use of economic incentives), their results provide a fine
illustration of the point that for any given level of environnental know edge
estimates of benefits will depend on the nethod of inplenmentation -- the
pattern of discharges -- assuned

Thus in Table 6 we reproduce their nmarginal benefit estimates for the
command and control and "least cost" inplenmentation approaches. In this case,
neither set of estimates can be characterized as "wong." Both reflect the
best environnmental information available. Nonetheless, they are very
different. Thus, the statenent that a particular standard yields particular
benefits has meaning only when an inplenmentation nethod is explicitly assumed

The sane standard, treated as an upper bound on a pollutant's allowable
concentrations, can imply an infinite nunber of aggregate nmarginal benefit
patterns because these benefits will depend on how the standard is inplenented
and on what the natural systeminplies this inmplementation plan will yield as

t he anmbi ent concentrations for each receptor location. In nost theoretica
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treatments of these issues, this problemis avoided by sinplifying assunption.
The benefits are taken to be measured at a single, representative point in the
environment. The costs of inproving quality at that point are assumed to

reflect the environnental transformations inplicitly.

V. Evaluation Benefits: Learning from Past Research and |dentifying
13

New | nitiatives

The statutory guidelines creating the demand for valuation measures for
environmental resources and the tinme horizons witten into the statutes nake it
i mpossible to develop new benefit-cost studies for each decision. This has |ed
to growing interest in the methods used to transfer valuation (or demand)
estimates derived in one situation to a new one. Both the MGartland et al
[1988] study of air quality in Baltinore and our own analysis of water quality
in the Delaware River used valuation estinmates derived from one or nore studies
inthe literature (see Appendix A). For the nost part, these were derived from
judgnental reviews of the literature and propose a best estimate (or a range of
val ues).

Because the services of environmental resources exchange outside markets,
the nethods used to estimate consumers' values for them have devel oped al ong
two lines. The first focuses on observable behavior that can be |inked by
assunptions to the resource of interest. Methods relying on this strategy have
usual Iy been | abeled the indirect approaches. They include: the travel cost
recreation demand nodels, hedonic price functions (property value and wage
rate), hedonic travel cost functions, danmage-averting cost nodels, and factor
productivity (or reverse value added) nethods. In each case, an individual's

(or a firms) actions are assunmed to be partially notivated by a desire to
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obtain the service of an environmental resource (or to avoid the detrinenta
effects of pollution to that resource). Using nodel s based on these actions,
researchers attenpt to estimate the marginal value of changes in the quantity
or the quality af the nonmarketed resource.

The second group of nethods relies on survey techniques that ask
respondents how they would value (contingent valuation) or change their
behavi or (contingent behavior) in response to a postulated, hypothetical change
in the services of an environnental resource}a This method assunes that an
individual's response to a hypothetical situation provides an authentic
description of how he (or she) would respond to an actual change

The purpose of this section is to suggest that efforts to summarize and
eval uate benefit estimates offer another kind of opportunity -- to evaluate
what we have |earned about the values of environnental resources; to exam ne
the sensitivity of these estimates to the nodeling decisions required to
devel op them and, based on these two appraisals, to identify new data and
anal yses required to resolve the uncertainties leading to the disparities in
val uation estimates. The required analyses treat the results from past studies
as data to "test" whether differences in the estimates (across studies) reflect
systematic variations in the resources being valued or in the assunptions and
the nethods underlying them

Wil e this approach appears to be a new one for evaluating enpirica
research in economcs, it is not new to other social and health sciences. 15
"Meta anal ysis" describes a research nethod that seeks to provide systenmatic
summaries of the findings from enpirical evaluations of educational or social

prograns. Du Mouchel and Harris [1983], for exanple, proposed a sinmlar
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strategy for the transfer of risk assessment nodels from animal to human
popul ations.

Qur objective is broadly simlar. However, we seek to eval uate whether
there are systematic influences on the values estimated for specific types of
environmental resources and whether these influences can be distinguished from
the assunptions and features of the methods. |deally, such an analysis woul d
be undertaken within a single enpirical study where consistency in data
sources, reporting conventions, and statistical modeling criteria could be
mai nt ai ned across the resources and nodel s studied. Unfortunately, this was
not possible. Consequently, we summarize the results of a pilot study
conducted by Smith and Kaoru [1988] that uses the existing literature as the
basis for an examination of the determinants of valuation estinmates for
recreation resources. The focus on value estimates is deliberate because
regardl ess of the original objective of the research, benefit estinmates have
been the single nmost inportant policy use of the outputs this type of research.

Equation (1) defines the basic nodel. To use it, we maintain that the
valuation estimate relevant for our exanple, the real consumer surplus, RCS
per unit of use of a site is a function of four types of variables: the type of

recreation site, Xs; the assunptions inherent in the nodel specification, X,:

Al
the form of the demand nodel, XD;and the estimtor used, XE.

(11) RCSi -ay + asxsi + anAi + anDi + aEin + ey

wher e in and @y J =S A D E are conformably dinensioned vectors and €y is
the stochastic error for the ith estimte
Smith and Kaoru [1987, 1988] have reviewed over 200 published and

unpubl i shed travel cost demand models prepared over the period 1970 to 1986 and
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devel oped a data set summarizing the valuation estinates, features of the
resources involved in these demand studies, and characteristics of the nodels
involved. The results reported here are based on 77 studies. They yield 734
observations for the consumer surplus per unit of use. The individual
observations vary by recreation sites, demand specification, nodeling
assunptions, and estinmator used.

There was enornous variability in the information reported across studies.
Oten the objective of the research was sonething other than estimating the
values for a recreational facility. It may have been testing a specific
hypot hesis, wth the results reported confined to the specifics of the
hypothesis test. Smith and Kaoru did not attenpt to contact individual authors
to supplement (or check) what was reported in the individual papers. Rather
their data set relies exclusively on the information reported within these
limtations. Table 7 defines some of the variables that could be consistently
defined across the studies in each class of variable.

To interpret the results obtained from statistical analyses of valuation
estimates across different studies, we must formulate specific hypotheses
concerning how and in what dinensions these estimtes might be sensitive to
model i ng judgments. A beginning step in this process can be found in past
literature reviews (i.e., Ward and Loom s [1986], Smith and Desvousges [1986])
as well as in what seem to be established conventions in developing travel-cost
demand mpdels. A few such protocols woul d Include

(1) Use trips as the quantity measure where possible, and attenpt to

segment the sanple when it is known that the length of stay Per trip

is different.



dat a

5.23

(2) Take account through sanple segnentation of differences that might
arise fromuse during different seasons, or during different tine
periods when there nay be different tine or resource constraints.

(3) Treat travel tine as an elenment affecting the cost of a trip.

(4) Include vehicle-related costs and the costs attributed to travel tine
as well as any entrance fees or site usage costs (i.e. parking costs,
lift fees for skiing, etc.) in the unit cost estimated for a trip.

(5) Use substitute prices to neasure effects of substitute sites rather
than an index of substitution; conplete systenms of demand functions
are unnecessary if the objective is to nmeasure demand for one of the
sites.

(6) Reflect quality features of the site in the demand nodels.

(7) Recognize that heteroscedasticity is likely to be an issue with zona
data and that selection effects can be inmportant with individua
dat a.

(8) Avoid the problems posed by cost allocation issues that can arise
with nultiple destination trips by segmenting the sanple according to
the distance traveled to the site

(9) substitute sensitivity analysis for strict adherence to one
particular functional form for the demand function

Equal ly inmportant, areas exist for which there are either insufficient

or the absence of a clear consensus. These are

(1) the neasurenent of the opportunity cost of travel time; sinple
scaling of the wage rate was not found to be consistent with severa
of the demand studies based on individual data, yet explicit

recognition of multiple prices for recreation tinme is generally
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beyond the information set available in mst current studies; no
conprom se has been proposed to deal with this problem

(2) the treatment of the attributes of a site's services;

and
(3) definition of a recreation site for nodeling demand, especially where
there are nany conparable sites within a small geographic area or
where there is one large "site" that extends over a w de area
What has been missing in past assessnents is some gauge of how inportant the
decisions night be in influencing the valuation estimates that result.

From the perspective of being able to transfer valuation estinmates, we
woul d prefer that the enpirical estinmates of equation (11) be consistent with a
mai nt ai ned hypot hesi s that a, =ay = ap
assunptions contribute to the variability in benefit estimtes but do not

= 0. That is, judgmental nodeling

i npose systenmatic influences on the size of the benefits estimated. O course,
to the extent this is not our conclusion, then we believe the process has
identified areas where further research, modeling, and data collection may be
war r ant ed.

Table 8 provides sone descriptive statistics from the Snith-Kaoru data on
the features of the studies, classified by the type of site involved. It
reports the nunber of estimates for each type of resource, the nean and range
in real consuner surplus (per unit of use) estimates, the proportion of the
studies based on individual (as conmpared with origin zone) data, and the range
of years represented in the studies. It is clear that there are exceptionally
wide variations in the consuner surplus per unit of use -- fromunder $1 to
over $100 in five of the seven cases. Two of these have estimates over $200.

These differences could represent dramatic differences in the character of the
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resources in each group, in the nodels used, or in the characteristics of the
recreationists in each sanple

Table 9 reports the ordinary |east squares (OLS) estimates for five nodels
whi ch consider whether the variations in real consuner surplus across studies
can be "explained" by the classes of variables hypothesized in equation (11).
Models 1 and 2 in the table contain the |east variables, with 1 considering
only qualitative variables describing the type of recreation site and 2
vari abl es describing the nodel specification. The remaining three nodels
introduce groups of variables to illustrate the sensitivity of the estimtes to
the model specification, as well as to the reductions in sanple size inplied by
these nore detailed formulations. These reductions arise from the inconplete
information available in the papers used to construct the Smith-Kaoru data
base. Mdel 5 is their preferred specification.

The nunbers in parentheses below the estinmated coefficients are the t-
ratios calculated with the OLS standard errors. Those in brackets bel ow nodel s
3 through 5 are the t ratios using the standard errors estimted from the
Newey- West [1987] proposed adaptation of the Wite [1980] consistent covariance
matrix. They are reported to gauge whether the panel nature of these data
m ght have influenced any judgnments on the inportance of variables describing
the sites or the nodeling decisions.

The Smith-Kaoru data set is a panel because there are a nunber of cases of
mul tiple consumer surplus estimates reported froma single study. These can
reflect different nodels estimated with data for a conmon recreation site
different sites and associated data, or both. Gven this diversity in the
source of multiple observations per study, the nodel does not readily conform

to either a sinple fixed or a random effects nodel. Newey and West's
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covariance estimator allows for a generalized form of autocorrelation and

het er oscedasticity. As such, it provides a convenient gauge of the potential
effects of the stochastic assunptions maintained in estimating the determnants
of the real consuner surplus.

Several conclusions enmerge fromthis statistical summary of the
literature. The results clearly support the basic approach to review ng
enpirical literature. The nodels' estimates indicate that the type of
resource, the nodeling assunptions, specification of the demand function, and
estimator can influence the resulting real consumer surplus estinates.

For the nost part, individual variables had effects consistent with a

priori expectations. Nonetheless, there is at least one inportant aspect of the

variable definitions that should be recognized. Qur site classification
variable is not a class of nutually exclusive categories. Some sites fall in
mul tiple categories. For exanple, a state park with a lake would inply unitary
values for both of these variables. The estimated coefficients must also be
interpreted relative to an omtted category (coastal sites and wetlands),
because all sites fell within at |east one of these definitions. Thus the
differential a state park with a lake would inply in per unit consuner surplus
over coastal areas is about $2.00. Nearly all the variables, describing

nodel i ng decisions were found to be statistically significant factors in
describing the variation in real consumer surplus.

Exanpl es of these results, that are on the one hand consistent with
intuition yet also disturbing from the perspective of devel oping benefit
estimates that are readily transferred, include the effects of the treatnent
of: substitute price neasures; the value of the opportunity costs of tine; the

specifications used to capture the effects of nmultiple sites (e.g., the



5. 27

regional travel cost nodel); the demand specification (notably the double-Iog
form; and estimator used to account for the truncation effects present with
Site-intercept surveys.

Overall these findings enphasize the sources of ambiguity in denmand
nmodel i ng described earlier. Wiile the Smith-Kaoru findings are just a start
and should be interpreted cautiously, sone specific areas can be targeted
despite this qualification. Mre careful consideration is warranted of why the
treatnent of time costs and the selection of an estinmator are so inportant to
these valuation estimates. In the first case, the sensitivity reflects the
fact that we do not know how the constraints to an individual's tine affect his
recreation decisions or how an individual's inplicit values on time vary with
the nature of his choices. Data can be sought on both issues.

Simlarly, the inportance of the choice of estimator probably reflects the
difficult subsidiary issues involved in deciding how to deal with the sanpling
(Shaw [1988]) and selection (Smith [1988]) effects associated with intercept
surveys. An effort to inprove the situation through data collection would
involve returning to the early population surveys (i.e. sanmples designed to be
representative of all households, not just users) that elicited information on
househol ds' recreation choices. These surveys originally were sponsored by the
Bureau of CQutdoor Recreation (see Cicchetti et al. [1969]). However any new
surveys would require information on the sites individuals use and their
patterns of use to overcone the problems that arise in the on-site surveys. (The
early BOR surveys did not collect this type of information.) Understanding the
"market" for a recreation site lies at the heart of evaluating why substitute
prices and the qualitative variable for regional travel cost nodels were

i mportant.
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W know very little of how individuals |earn about and subsequently define
(for choice purposes) the recreation opportunities available to them
Decisions on the use of "local" recreation sites versus nore distant "national”
sites will rnost certainly be nade with different tinme horizons and constraints.
How are these decisions to be distinguished and can they be nodel ed separately?
Progress in nodeling recration decisions requires answers.

The enpirical nodels also identify an inportant role for the functional
form selected to describe demand. The recreational demand literature has seen
increasing criticism of the use of arbitrary specifications selected largely
for conveni ence or based on sone fitting criteria. Several recent studies have
argued that behavioral derivations of demand nodels would be preferrable. That
is, they suggest nodels should begin with specific utility functions and derive
estimating equations by assuming optimzing behavior and by specifying the
budget and tinme constraints assumed to face individuals. O course, analytical
tractability constrains how these efforts can proceed.

W Dbelieve that there is not an obvious answer to the question of inposing
prior theory versus using approximations. In a genuine sense, all applications
are approximations. Wat is inportant is whether they way they are undertaken
affects the findings in inportant ways. The Snmith-Kaoru results indicate that
greater efforts are needed in devel oping nore robust specifications. Both

enhanced data and theory will be required to meet this need.

Wien conmpared with the effort and experience devoted to the conventional
topi cs considered under the auspices of the Conference on Incone and Walth,

the record of enpirical analyses of public policies for the management of
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environmental resources is quite limted. Wile there has been rapid progress
in the last two decades, our ability to deliver estimtes of individuals

values for a wide array of environmental resources and, a fortiori, for changes
in specific aspects of resource quality lags significantly behind the
expectations of current environmental statutes and the projected needs for
coming to grips with emerging policy issues. W have tried to describe the
sources of these demands and the clear interaction between the needs for
econom ¢ and non-econoni ¢ information.

In what follows we propose to use three thenes to organize our proposals
for new data devel opnents in support of enpirical research in environmental
econoni cs: | earning about natural systens, |earning what we know, and
responding to energing policies. As we noted at the outset, our objective is
to consider first generic problens extending over nultiple problens that
require data and second, broad classes of environmental problens that seem
likely to be inportant policy issues in the near future. The policy
orientation is delibrate. Resources for addressing data and nodeling needs
are scare, and we need to consider their net returns here just as in other

. . 16
al | ocation deci sions.

A Learni ng About Natural Systens

As we have stressed at several points, analysis of the benefits (or
damages) of proposed or actual changes in the use of natural resources
inevitably depends on our abilities to trace the effect of the changed use
through to a change in the valuation by consuners of a resource service. This

inmplies that we nust be able to
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-characterize the current state of the relevant systen(s);

-identify a nechanism by which the change in use affects the system

-model how the change has affected (for ex post damage assessnent) or

will affect (for ex ante regulatory analysis) the ambient quality of

the systemin terns relevant to consumer valuation.

In many cases, our know edge is deficient in every one of these
cat egori es, For exanple, we have a lot of data on water quality but are
generally short of information that systematically covers all the water bodies
that our activities affect and that our regulations are designed to protect or
enhance. Further, the available information usually covers items relevant to
scientists' search for understanding of aquatic biological or chenical
processes rather than those that can be related to consumer valuation. Even
S0, to a large extent, our abilities to nodel aquatic processes are inadequate
The nodel s often do not accept as inputs discharges or give as outputs
indicators of use or of resulting ambient quality relevant to policy evaluation
needs.

The great need here is for data gathering and nodel building efforts to
reflect the demands of policy analysis. Identifying the need is a great dea
easier than neeting it, for tea required interaction has all the difficulties
of interdisciplinary research plus those of interstate and interagency
jurisdictional disputes. Leadership from U S. EPA and the Council of

Environnental Quality clearly is called for.
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B. Learni ng What W& Know

Nearly a decade ago, in closing his overview of the state of the art in
benefit estimation, Freeman [1979] observed that econonists could advise the
EPA adnministrator how to neasure benefits from a particular pollution contro
policy. Al that was needed were the data and |earning that accompany
i mpl ement at i on. The intervening decade has seen some positive investments in
both data collection and in enpirical nodeling. However, we cannot be overly
sangui ne about what has been acconplished. For the nost part, the efforts have
been very specialized -- relying on existing data on consuner behavior or
devel opi ng special purpose contingent valuation surveys to estinmate how
i ndi vidual s would value (or respond to) changes in very specific resources.
This process has made it clear that under currently shrinking budgets (or even
with nodestly expanding resources), we cannot possibly estimte the values for
all the resources of current interest.

The notion of evaluating the conditions for transferring estimates from
one resource to another is a relatively new one. It has been an inportant part
of the practice of developing the information benefit-cost evaluations
involving non-marketed resources. Freeman [1984] distinguished top-down and
bottomup transfers, where the forner attenpts to allocate an aggregate benefit
for a change in all of one type of resource (e.g., the share of the nationa
benefits from a water quality inprovenent attributed to one site), and the
latter refers to using mcro-estimates for the household and a specific
resource in other contexts and aggregating. Naughton, Parsons and Desvousges
[1988] recently have considered the generic issues in performng benefit
transfers at the nicro-level using the pulp and paper industry. Their results

suggest that a tranfer-based strategy for policy analyses is desirable but may
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require restructuring the design of future benefit estimation studies for
environmental resources.

Anot her possibility proposed by Mtchell and Carson [1986] involves using
survey nmethods to obtain estimates for national inprovenents in an
environnmental resource from individual households. These estimtes would then
be attributed to individual areas based on the anpunt of the resources present
in the area. The exanple these authors used involved water quality
i nprovenents, and conparison of their approach with the results from a separate
contingent valuation indicated a fairly close correspondence between the
estimates derived from a specific survey and those from their national survey
adjusted with their proposed proportioning nmethod. At this stage, however, the
literature is very prelimnary. There has been no attenpt to devel op how the
tasks invovied in deriving transferrable nodels are related to the factors
(i.e., household and resource characteristics) affecting the variation in
benefit estinates across resources and user groups.

First, we nust learn what we know from experiences to date; and then we
must proceed to identify what we need to learn. There is a long tradition in
resource economcs involving attenpts to devel op consensus practices in
benefit-cost analysis and even specifying benchmark val uation estimates for
resource services nmost closely aligned with water resource projects. These
attenpts were traditionally associated with the Water Resources Council. CQur
suggestion here is that we should extend these efforts to the valuation
estimates for all environmental resources and thereby nove beyond a judgnent-
based, single value for each type of resource service.

By treating the existing set of estimates for changes in the quantities or

qualities of environnental resources, it is possible to develop a systematic
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apprai sal of whether the state of the art has advanced to the point where we
can associate variations in estimates with differences in the procedures used
or with features of the resources (or consumers) involved. This process should
identify the areas with greatest uncertainty.

The experience with the Snith-Kaoru pilot study of travel cost demand
studi es suggests that a nore systematic approach, contacting authors to fill in
mssing details, is essential if a reasonably adequate database is to be
devel oped in areas in which there has been less research activity. Such
efforts would also promobte the devel opment of statistical nethods for dealing

with the unique features of "panel" data sets conposed from existing enpirical

st udi es.

C Energing Policy Needs
We have classified our views of the energing policy needs into four

categories and consider each in turn.

1. Envi ronnental Ri sk

This is one of the most difficult areas for current uses of economc
anal ysis, especially because it appears that individuals' responses to a wde
range of environnental risks do not conform to our conventional
characterization of rational behavior. A recent EPA publication (see US.
Environnental Protection Agency [1987a]) has highlighted just how dramatically
inconsistent are public concerns and the rankings of environnental risks based
on expert opinion (U S. EPA [1987b]). A conprehensive program of data

acquisition and research is needed to determne how and why househol ds val ue
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reductions in these types of risks more highly than other sources that often
have greater likelihoods of serious effects.

This type of analysis will be important to the design of information
programs associated with pollutants EPA does not currently regulate, such as
radon, and to the development of labeling standards for products for which they
do have responsibility. It is also likely to play a central role in defining
"clean" for Superfund sites, in establishing priorities for policy initiatives
involving monitoring the underground storage tanks, and in devising new

policies associated with more stringent drinking water standards.

2. Air Quality

Acid deposition is hardly "emerging" as an issue; rather the reverse. But
that is not because the scientific questions have been answered and the
problems solved. Indeed, there is still debate in the scientific literature
over the relative contribution of different compounds and source locations to
observed low pH precipitation fog. and dry acidic deposition. Under these
circumstances, benefit estimation linked to a discharge-reduction policy cannot
proceed to meaningful results. So a clear need is for further research into
long-run atmospheric transport and chemical transformation processes, with the
ultimate aim of allowing predictions of the form: If we reduce sulfur dioxide
(502) discharges in this region by this much, average pH of precipitation in
this other region will increase by this much.

Even then we shall still be several steps from successful benefit
estimation for a policy of 802 reduction. It must be possible to extend
predictive natural system models to such issues as the link between average

annual (or season-specific) precipitation, pH, and soil quality to vegetation
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health and growth, and to aquatic ecological system functions. FEgqr example, if
we reduce 502 discharge in the Middle West, wijll New England and New York lakes
and ponds have better fish populations (more and larger fish of more highly
valued species)?

Only with those tools in hand will it be possible for economists to
produce meaningful benefit estimates for the sorts of policies that are
regularly debated in the Congress. To prepare for that day, the problems of
benefit (or damage) function transfer must be addressed in this problem
setting. In particular, it is necessary to consider how best to use the
results of national studies on the one hand (e.g., Vaughan and Russell [1982]
and local studies on the other (e.g., Smith and Desvousges [1986]) to value
regional effects.

A second air quality issue with even larger potential economic
implications is ground-level ozone and particularly the value of trying to
attain the currently mandated National Ambient Air Quality Standards for that
secondary pollutant.]'7 Here it is necessary to improve our knowledge of:

-the sources and actual levels of the precursor pollutants (especially

volatile organic compounds (VOCS)), of ground level ozone in urban and

rural areas;

-the morbidity effects of different levels of ozone:

-the effects of ozone on vegetation and a variety of materials such as

paints, plastics, and synthetic rubbers.

Our estimates of the damages attributable to days of sickness of various types
and severities must be refined. Moreover, theoretically consistent but
practically implementable ways of measuring the value of damage to materials

providing services to households, businesses and governments must be developed.
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3. Water Quality

One of the key policy initiatives in water quality will be associated with
the national estuarine program. For point sources of waterborne pollution, the
first round of effluent guidelines will be in place with over thirty
regulations promulgated. All should be in place by the early 1990s. The
future here is best characterized as one requiring extensions in the ability of
economic valuation to realize greater degrees of resolution in valuing small
changes in pollutants.

Present methods and data would not permit such evaluations. Clearly an
improved understanding of the linkage between the technical dimensions of water
guality and individuals' perceptions of and corresponding valuations for that
quality will be necessary.

Non-point sources, especially agricultural runoff of pesticides and
fertilizers to surface waters, represent the largest unregulated source of
water pollutants. Presently, EPA does not have authority to regulate these
sources. However, recent opportunities to coordinate the selection of areas
for the Department of Agriculture's Conservation Reserve Program, based on the
effects of pollutants on water resources, expose a new area for economic
valuation. Can we we set priorities for the selection of lands for inclusion
in this system based on their contributions to non-point source pollution? To
answer this question we need both economic and non-economic data. Agriculture
has been willing to pay premia over normal reserve payments for withholding
lands that might otherwise contribute to impairing significant environmental

resources.
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4, Stock Pollutants and Global Climate Change

This last area is fundamentally different than the first three emerging
issues we discussed in that the policy time horizon is long-term and extends
over several decades. While not a new issue (Revelle [1985] has suggested it
was identified over 100 years ago), it has achieved a more prominent role on
the policy agenda with the Global Climate Protection Act of 1987. This
legislation assigns EPA the responsibility of summarizing the scientific
understanding of the greenhouse effect (i.e. the role of the accumulation of
carbon dioxide, chlorofluorocarbons, methane, and other trace gases in the
upper atmosphere in increasing average surface temperatures on earth) and in
enumerating the policies available for stabilizing these concentrations.

As in our other examples, a key need in this area is for greater
understanding of the natural system. In this case it is the link between these
atmospheric gases and the extent and timing of any global warming, as well as
of the implications of that global warming for regional weather patterns. This
issue raises some distinct methodological needs because of the extent of
scientific uncertainty over these questions, the time horizon for the potential
climatic changes, and the irreversibility of the process.

The requirements for economic information depend, in part, on the progress
made in improving our understanding of the natural system. As this proceeds,
there is a clear need to understand the processes by which economic activities
adapt and the institutions that facilitate such adjustment. Historical and
cross-cultural analyses may well offer the only means for developing such
insights. Equally important, there is a fundamental need to describe the
inherent uncertainties in a way that is genuinely informative for policy.

While not unique to this problem, this issue of communicating the inherent
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uncertainties remains one of the most significant problems facing economists
involved in environmental policy.

Finally, in evaluating these data and modeling needs as compared with
other data priorities, it is important to recognize that in contrast to
positive uses of economic analysis where a lack of data may prevent decisions
from being made, this is not the case in normative applications. DRecisjons are
m r rdl f whether th nomic information i vailable. In some.
cases they are very bad ones. Consequently, here new data developments
represent opportunities to improve the quality of decisions and the resource

allocations affected by them.
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CHAPTER 5

FOOTNOTES
To say that the analysis is difficult (and expensive) is not to say that it
is of dubious value. The U.S. Environmental Protection Agency's (EPA)
review (1987a) of its use of benefit-cost analysis concludes that for three
regulatory decisions, B-C analysis identified improvements with potential
benefits of over $10 billion (lead in automotive fuels, $6.7 bil.; Used
lubricating oil, $3.6 bil.; and pre-manufacturing review of toxic
substances, $.04 bil.). Further, EPA estimates the costs of all regulatory
impact analyses (RIAs) done under the terms of President Reagan's Executive
Order 12291 as less than $10 million. Therefore, the return to analytical
investment appears to be over 1000 to 1 in the aggregate.

Several cautions are in order in interpreting this conclusion. Most
fundamentally, our argument in this paper, if one accepts it, must
inevitably throw some doubt on these benefit estimates. Second, we cannot
necessarily project such a return ratio in the future because it is likely
that the biggest and easiest targets have already been attacked. And
finally, we should include a grain of salt because the self-interest of
those preparing the report was consistent with finding large returns.

This statutory requirement has not prevented benefit cost information from
being included in the Regulatory Impact Analyses prepared for cases
involving the primary standards. The proposed standard subjected to
analysis is health based. It is too early to know whether the final
standard that emerges after OMB review can be argued to have been affected

by the benefit-cost findings.
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Location is, of course, three dimensional, and altitude can make a big
difference in some situations; but the points we make are only reinforced
by considering a third dimension, while exposition is much simpler for two.
This last point is stressed by McGartland et al. [1988]. We shall return
to it below.

Our discussion assumes that the regulations in question will, in fact, be
complied with. Making sure this is even roughly the case requires
investment in monitoring and enforcement. These costs should be counted as
costs of the policy, and their amount and how they are used will help
determine the realized level of benefits. It is also true that choices open
in the design of implementation systems can affect monitoring and
enforcement costs and thus also indirectly affect benefits by that route.
We ignore these added complications, though they open up an entirely new
and largely unexplored source of demand for data and analysis.

Reasonably straightforward theoretical expositions are available that
include differential location. For example, see Fgrsand [1972] and
Tietenberg [1978] and Siebert [1985].

The matrix T may be thought of as representing the steady-state solution to
a set of differential equations that reflects the transportation of
pollution by average winds characterized by velocities and directions, and
the diffusion of the pollution particles due to random motion in the plums.
If the units of discharge are, say (average) tons per day, the units of the
elements of T could be (average) micrograms per cubic meter.

For simplicity, it is assumed that the same damage relation applies at each

receptor location, though as just stressed, we would expect the damages for
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a given pollutant concentration to differ across the various points in the
regional space.

Here we calculate (Q) on the basis of D, and T, but for the argument that

0
follows, it is important to note that baseline ambient quality is actually
realized and therefore can be measured. Thus, there is no inconsistency in
assuming knowledge of (Q) and ignorance of T. As a practical matter,
however, we may very well be ignorant of (Q) in any but loosest, one might
say anecdotal, sense. See, for example, Russell, et al. [1983], To be
useful, our knowledge of ambient quality conditions must be reflected in
measurements that are:

- meaningful in terms of their links with or effects on human valuation of

environmental services, and

- connectable to pollution discharges that will have to be changed to change

ambient quality.
We return to this matter of baseline quality in the final section.
The actual patterns Of ambient quality produced by the roll-back

implementation method under the baseline and the alternative standards are:

Base 88 Sa su 32

I 10 8.0 6.0 4.0 2.0
11 8 6.42 4.8 3.2 1.6
111 6 4.8% 3.6% 1.6 1.2

(a) indicates a quality level not reflected at all in benefit calculation (2).
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It should be emphasized that there is no reason to expect a mathematically
desirable -- or even smooth -- pattern for marginal benefits. The complex
relation among standard, discharge reduction amounts and location required
under a given implementation method, and resulting pattern of ambient quality
changes, can produce virtually any pattern of marginal benefits.

For a description of efforts to use natural world models in water quality
benefit estimation, although some of the threshold aspects of the B(2) method
are still used, sea Vaughan and Russell [1982].

This section is based on research undertaken by Yoshiaki Kaoru and the second
author and is reported in more detail in Smith and Kaoru [1988].

See Mitchell and Carson [forthcoming] for an overview of the issues involved
in using these methods.

It is not completely new to economics. Berndt's [1976] early attempt to
reconcile the diverse estimates of elasticities of substitution between
capital and labor is similar to our objectives. However, in his case, the
focus was on the assumption inherent in the estimation models and their
likely implications for the estimates. Somewhat more closely aligned is the
Hazilla-Kopp [1986] summary of their findings on the sensitivity of the
characterization of substitution possibilities across different modeling
decisions made with the 36 different manufacturing sectors they analyzed. In
this case, the analysis parallels what we propose, but their objective was to
summarize their own findings, rather than detect sources of differences
across studies conducted by different individuals.

Thanks are due to Tom Tietenberg for suggesting that we make this Point more

explicit based on his review of an earlier draft of this paper.
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Ozone is "secondary" because it is formed in the atmosphere from chemical
reactions involving sunlight and certain "primary" or discharged pollutants,

especially volatile organic compounds such as gasoline and solvents and

oxides of nitrogen.
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Figure 1. SCHEMATIC DESCRIPTION OF ISSUES IN USING ECONOMIC ANALYSIS
FOR ENVIRONMENTAL POLICIES

ical : lysi

Definition of technology, discharge,
or environmental quality standard by
type of pollutant and media

Development of implementation plan
to meet standard
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Changes in one or more dimensions of
resources depend on the spatial and
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Economic agents change their
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Rationale for the | ogical Structure

The institutional structure governing
the definition and implementation of
environmental policy is complex. As a
result of multiple, overlapping statutes
defined by both environmental media
(e.g.: Clean Air and Clean Water Acts)
and the types of residuals generated
(e.g.: Resource Conservation and
Recovery Act, Comprehensive
Environmental Response, Compensation and
Liability Act, etc.), policies must be
responsive. to multiple objectives.
Moreover, they can involve the
definition of standards in a format
inconsistent with available
environmental data or in generic terms
that require considerable judgment to
implement, enforce, or evaluate.

The services of environmental resources
are produced within a complex physical
system. The effects of different
patterns and types of uses of these
temporal aspects of those uses. In
particular, the pattern of environmental
quality corresponding to a chosen
standard depends on the implementation
program to be used to attain the
standard.

The services of environmental resources
exchange outside markets, and therefore,
the information normally present from
market exchanges is not available.
Indeed, as part of their ordinary
consumption choices individuals may not
have been required to consider changes
comparable to those envisioned in any
specific policy analysis. Information
on the quality and character of these
services can be quite technical, involve
subtle measurement problems, and is
unlikely to be generated through the
informal processes individuals use to
learn about other commodities they
consume.
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TABLE 1. COMPONENTS OF ECONOMIC ANALYSIS IDENTIFIED
IN EPA'S ENABLING LEGISLATION®

Economic
Legislation/Regulation Benefits Costs Impacts

c
Human Other d Cost
Health Effects Welfare  Compliance Effective

Clean A Ac

Primary NAAQSb X X

Secondary NAAQS

Hazardous Air Pollutants «x

New Source Performance *

Motor Vehicle Emissions x
X
X

]

"3
* 3

Fuel Standards
Alrcraft Emissions

®R KN
LR I R
NKN:

Clean Water Act

Private Treatment
Public Treatment

th

Safe D i Wate t

Max. Contaminant Level N
Goals X
Max. Contaminant Levels x X

Toxic Substances Act b X x x X 4

Resource Co

and Recovery Act x x
CERCLA_(SARA)

Reportable Quantities X x
National Contingency X X

ede sect -

cide a odenticide

Data Requirements x
Minor Uses b x x X X x
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Table 1. Continued

Economic
Legislation/Regulation Benefits Costs lmpacts

Human  Other® Cost
Health Effects Welfared Compliance Effective

Atomic Enerqy Act
Radioactive Waste X X X

Uranium Mill Tailings X X X X X X

* k%

Source: Adapted from EPA's Use of Benefit Cost Analysis. 1981-1986, Table

3-1, p. 3-2.

NAAQS designates the National Ambient Air Quality Standards and relates to

the criteria air pollutants.

"Other effects" refer to non-health effects on humans and firms.

"Welfare effects" refer to visibility and aesthetics, effects on nonhuman
species, crops, sodding, materials damage.

The type of analysis here depends on the grounds for control

There is some question about whether any benefit information may be

considered. One school of thought is that national aggregate benefit

estimates might be allowed into this process. Such estimates would here

reflect especially recreation as a pathway for accrual of benefits to

society.

Includes non-air-quality health and environmental impacts.
Statute refers only to cost

Includes non-water-quality environmental impacts only.
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TABLE 2. AVERAGE EMISSION REDUCTIONS OF VOLATILE
ORGANIC COMPOUNDS PREDICTED TO BE REQUIRED
TO MEET OZONE NAAQS IN SELECTED OHIO CITIES

_ ) a ) b Technique

City Technique 1 Technique 2 Selected
Cleveland 87% 50% 1
Akron 35% 18% 2
Toledo 47% 25% 2
Columbus 43% 25% 2
Canton 22% 10% 2
Youngstown 64% 44% 2
Dayton 61% 40% 2
Cincinnati 40% 50% 1

a. Known as "EKHA."
b. Known as "Rollback."

Source: Adapted from Pacific Environmental Services, Study of the 1979
State Implementation Plan Submittals (Elmhurst, IL: Report prepared for
U.S. National Commissioner on Air Quality, December 1980), pp. 7-12, and

published in Richard Liroff, 1986 Reforming Air Pollution Regulation

(Washington, DC: The Conservation Foundation).



TABLE 3. AGGREGATE AND MARGINAL BENEFITS:
THE TWO SOURCE-THREE RECEPTOR EXAMPLE

5

Aggregate Total Aggregate Marginal
Benefits by Std. Benefits by Std.
8 6 4 2 8 6 4 2
Average initial regional 0 84 144 180 0 42 30 18
concept of quality
relative to standard
Actual initial quality 36 92 152 188 18 28 30 18
relative to standard
Actual initial quality 72 128 168 192 36 28 20 12

relative to actual
quality as determined
for roll-back implemen-
tation

.48
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TABLE 4. SURROGATE BENEFITS OF REDUCTIONS IN TOTAL SUSPENDED PARTICULATES
FOR BALTIMORE BY LEVEL OF IGNORANCE AND STANDARD (MILLION PER YEAR)

2
Level of Standard (ua/m_ )

115 110 105 100 95 90 85

Method 1

Total 0 0 0 0 0 0 0
Method 1
(modified)

Total 12.3 23.6 34.5 45.2 55.1 64.5 73.6
Marginal 12.3 11.3 10.9 10.7 9.9 9.4 9.1
Method 2

Total 2.6 6.0 9.7 15.4 21.2 28.2 35.2
Marginal 2.6 3.4 3.7 5.7 5.8 7.0 7.0
Method 3

Total 7.7 19.7 27.7 34.9 46.2 59.1 73.7
Marginal 7.7 12.0 8.0 7.2 11.3 12.9 14.6
McGartland, et al.

Marginal Benefits 7.2 12.9 9.1 8.5 13.2 15.1 16.4
(millions; of 1980

dollars)

Source: See Appendix A for a description of the data and method.

a The modification consists of comparing initial average concentration to projected

average concentrations for each standard, Where the projection depended on the

percentage change in the standard.



TABLE 5. SURROGATE BENEFITS OF IMPROVEMENTS IN WATER QUALITY IN THE
DELAWARE ESTUARY BY LEVEL OF IGNORANCE OF STANDARD

Method 1
Total
Marginal

Method 2
Total
Marginal

Method 3
Total
Marginal

Water Quality Standard
(ppm of dissolved oxygen)

3.5

o

184.5
184.5

372.7
372.7

5.0

420.2
420.2

510.6
326.1

581.4
208.7

5.50
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TABLE 6. MARGINAL BENEFITS OF REDUCTIONS IN TOTAL SUSPENDED
PARTICULATES FOR BALTIMORE BY IMPLEMENTATION METHOD AND STANDARD
(MILLIONS OF 1980 DOLLARS)

LﬂLeIJI_S_tandaLd_(_ung_:a)_
Implementation
Method 115 110 105 100 95 90 85
Command and Control 2.2 10.5 9.7 11.5 7.5 10.0 6.5
Least Cost 7.2 12.9 9.0 8.5 13.2 15.1 16.4

Source : McGartland et al. [1988], Table 1.
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TABLE 7: DESCRIPTION OF VARIABLES FOR ANALYSIS

Name Definition of Variables

RCS Marshallian consumer surplus estimated per unit of use, as
measured by each study (i.e., per day or per trip) deflated by
consumer price index (base - 1967)

Surtype Qualitative variable for measure of site use - 1 for per trip

Recreation Site
Variable

Substitute Price

Opportunity Cost
type #1

Opportunity Cost
type #2

Fraction of wage

Specific Site

Demand
Specifications

Estimators Used

measure, 0 for per day measure

Lake, River, Coastal area of Wetlands, Forest or Mountain

area, Developed or state park, National park with or without
wilderness significance are the designations, Variables are unity
if satisfying designation, 0 otherwise

Qualitative Variable - 1 if substitute price term was included in
the demand specification, 0 otherwise

Qualitative Variable for Measure used to estimate

opportunity cost of travel time - 1 if an average wage rate was
used

Qualitative Variable for the second type of opportunity
costs of travel time measure, - 1 income per hour used (omitted
category was predicted individual specific wage)

fraction of wage rate used to estimate opportunity cost of travel
time

Qualitative Variable for we of a state or regional Travel Cost
model &scribing demand for a set of sites - 1, 0 otherwise

linear, log-linear and semi-log (dep) are qualitative

variables describing the specification of functional form for
demand (semi-log in logs of independent variables was the omitted
category).

OLS, GLS, and ML-TRUNC are qualitative variables for estimators
used, omitted categories correspond to estimators with limited
representation in studies including the simultaneous equation
estimators.
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TABLE 8: A COMPARISON OF TRAVEL COST DEMAND RESULTS
BY TYPE OF RESOURCE

Real

Type Consumer Surplusa
of
Resource Number of b c

Estimates Mean Range PI YEARS
RIVER 257 $17.05 $.29 - $120.70 .61 1966 - 1983
LAKE 483 $16.85 $.09 - $219.80 .55 1968 - 1983
FORESTS 114 $31.36 $.80 - $129.90 .59 1968 - 1984
NATIONAL 12 $44.01 $23.48 - $120.70 .50 1980 - 1983
PARKS
WETLANDS 9 $45.86 $17.45 - $120.70 .78 1980 - 1983
STATE 107 $42.49 $.67 - $327.20 .07 1972 - 1983
PARKS
COASTAL 28 $35.49 $.67 - $160.80 .61 1972 - 1984
AREAS

a. Real consumer surplus deflator the nominal estimates by the consumer price index
(base 1967)

b. This variable designates the proportion of the studies based on samples of
individual recreationists' trip-taking decisions compared with origin zone
aggregate rates of use.

c. The range of years in which the data used in these studies were collected. Thus,
this variable designates the range of years across the studies in each category in
which behavior was observed.

Source : Smith and Kaoru [1988]
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DETERMINANTS OF REAL CONSUMER SURPLUS PER UNIT OF USE®
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Models
Independent
Variables
1 2 3 4 5
Intercept 23.72 16.07 20.30 27.03 18.75
(5.62) (2.08) (6.19) (3.68) (0.58)
[3.92] [3.64] [1.04]
Surtype 7.99 -4.13 -9.97 15.38 19.88
(2.76) (-1.45) (-2.72) (2.37) (3.74)
[-1.36] [2.34] [3.55]
Type of Site (XS)
Lake -11.70 -18.69 -20.32
(-3.18) (-3.24) (-3.52)
[-2.36] [-2.48]
River -5.57 -14-29 -19.03
(-1.93) (-2.99) (-2.19)
[-1.95] [-1.75]
Forest -.45 -18.45 -25.99
(-0.93) (-2.36) (-3.01)
[-1.93] [-2.49]
State Park 19.93 24.95 22.37
(4.44) (3.47) (3.44)
[3.27] [3.19]
National Park 2.54 .56 -3.77
(0.20) (0.04) (-0.23)
[0.08] [-0.13]
Model Assumption (xa)
Substitute Price -18.73 -13.71
(-3.27) (-2.12)
[-4.58] [-1.80]
Opportunity Cost of -14.97 -16.49
Type #1 (-2.10) (-2.11)
[-2.09] [-2.48]
Opportunity Cost o f 3.95 -15.86
Type #2 (1.02) (-3.30)

[0.45] [-2.87]
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Models
Independent
Variables 1 2 3 4 5
Fraction of Wage 37.24 48.59
(8.56) (9.76)
[3.83] [6.94]
Specific Site/Regional 22.23 24.21
TC Model (4.10) (3.85)
[3.35] [2.77]
Model Specification (Xp)
Linear 2.35 -2.87
(0.31) (-0.27)
[-0.31]
Log-Linear 14.63 23.37
(1.89) (2.37)
[2.88]
Semi-Log (Dep) 11.26 16.89
(1.52) (1.86)
[2.97]
Estimator (Xg)
OLS -14.45
(-0.48)
[-0.84]
GLS -8.58
(-0.28)
[-0.54]
ML-Trunc -67.38
(-2.15)
[-3.43]
R2 11 03 25 15 .42
n 722 722 399 399 399
a. The numbers in parentheses below the estimated parameters are the ratios

of the coefficients to their estimated standard errors.

The numbers

in
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brackets are the Newey-West [1987] variant of the White [1980] consistent
covariance estimates for the standard errors in calculating these ratios.

Source: Smith and Kaoru [1988]
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APPENDIX A

CALCULATING SURROGATE BENEFITS BASED ON THE
BALTIMORE AND DELAWARE RIVER ENVIRONMENTAL QUALITY PROJECTIONS

Air Quality Surrogate Benefits

McGartland et al. [1988] reproduce their atmospheric model's projected
patterns of total suspended particulate concentrations for 23 receptor
locations in Baltimore for two alternative implementation approaches. We used
and reproduce their Table 2 here as Table 1-A. (We ignore their results for 83
micrograms/m3, ug/m3.) We follow them in taking the pattern associated with
the 120 ug
/m3 standard as our base situation.

While McGartland et al. describe the basis for their damage, and hence
benefit estimates, they did not provide the functions they used. However, it
turns out that a surrogate function that reproduces the pattern of their
marginal benefits is easy to find. We used a simple quadratic damage
surrogate. That is:

(A-1) G, = Damage at receptor i = [TSP ppn]2x103

i
(in millions)

Benefits of increasingly strict standards are then simply:

(A-2) Bi - Gi (120) - Gi(j)

for § <120 ug/m3
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We reproduce here, as Table 2-A, a sample calculation of the damages and
benefits for six receptor locations, one standard, and three methods.
Inspection of Table 1-A reveals immediately that Method 1 yields an estimate of
zero benefits for all standards, since the initial average quality is already

better than the strictest standard to be examined.



TABLE 1-A. TSP CONCENTRATIONS BY RECEPTOR
LEAST-COST CASE
Receptor
Location -120- -115- -110- -105- -100- -95. -90- -85-
1 67.8 67.4 66.2 66.0 65.3 63.7 61.6 59.3
2 64.6 63.7 62.2 61.8 60.9 58.7 55.5 51.7
3 56.2 56.0 55.5 55.5 55.3 54.6 53.7 52.5
4 85.4 83.9 81.2 78.7 7€.8 73.7 70.9 68.1
5 94.3 92.5 89.0 86.2 83.8 80.5 76.9b 73.5b
6 107.2 102.6 99.7 97.9% 95.0b 90.7b 85.7b 80.8b
7 116.3 113.8b 107.8b 104.3b 100.0b 95.5b 90.0b 85.0b
8 93.3 88.7 86.1 84.4 81.6 75.6 69.9b 63.5b
9 119.7 115.3b 110.4b 105.5b 100.0b 95.2b 89.5b 84.7b
10 52.4 51.6 49.1 47.5 46.0 43.4 40.9 38.2
11 80.2 78.4 77.4 72.0 70.1 68.8 65.7 63.5
12 102.8 101.1 91.9 88.6 84.3b 79.7b 74.5b 69.2b
13 61.6 -60.8 58.9 57.5 56.0 53.9 51.4 49.2
14 53.3 52.8 51.8 51.2 50.6 49.4 48.1 46.4
15 120.0 114.9b 110.4b 101.0b 99.6b 93.0b 79.5b 53.3b
16 56.4 56.4 55.3 55.1 54.3 52.9 52.2 50.9
17 72.4 69.9 66.5 65.1 63.5 59.4 53.1 43.3
18 84.9 84.0 74.9 74.2 73.0 66.4 62.5 55.9
19 S51.6 51.4 50.8 50.5 50.1 49.3 48.3 47.3
20 7.z £€6.1 - 54.4 6.3 62.1 60.0 57.5 54.4
21 64.0 63.6 61.2 60.8 60.0 57.1 55.0 52.0
22 64.6 64.3 62.0 61.8 59.7 56.5 55.4 53.1
23 105.3 102.8 98.9 97.7b 95.1b 90.4b 83.8b 74.1b
UNWEIGHTED AVERAGES OF RECEPTOR TSP LEVELS
80.1 78.3 75.3 73.3 71.4 68.2 64.4 59.6
POPULATION-WEIGHTED AVERAGES OF RECEPTOR TSP LEVELS
77.4 75.7 72.9 70.9 69.0 66.2 62.9 59.3
b

Indicates a concentration reflected in the calculation of benefits using Method
2.

Source: McGartland, et al. 1988
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TABLE 2-A. EXAMPLES OF SURROGATE DAMAGE AND BENEFIT CALCULATIONS BY METHOD
Method 1 (modified) Method Method 2
Damages at Damages Damages Damages
Receptor Base Level at 110 Benefits at 110 Benefits at 110 Benefits
2 4.2 4.2 0 3.9 0.3
7 13.5 12.1 1.4 11.6 1.9
10 2.7 2.7 0 2.4 0.3
12 10.6 10.6 0 8.4 2.2
15 14.4 12.1 2.3 12.1 2.3
18 7.2 7.2 0 5.6 1.6
For average level
6.4 5.4 1.03
X 23
Total 23.6 6.0 19.7
Marginal 11.4 3.4 12.0

For Modified Method 1, base average surrogate damages - damages at the base average

concentration, 80.1. Damages at the 110 standard - damages calculated for an average

concentration of 80.1 x 110/120 - 73.4.

Total damages for every standard are

obtained by multiplying the damage associated with the average by 23 (receptors).
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Water Quality Benefits

Water quality benefits are based on predicted water quality improvements in
the Delaware estuary published in Spofford et al. [1976]. The quality indicator
used is dissolved oxygen (DO) and the base levels are interpolated from their
Figure 2 reproduced here as Figure 1-A. Improvements associated with alternative
standards are taken from Table C-3 in the source. Their run using a 3.0 ppm
standard is used here as a surrogate for a 3.5 ppm standard because in all but
one reach better than 3.5 ppm is attained under it. The predicted levels of DO
for that standard and for a fun with a 5.0 ppm standard are set out in Table 3-A.
The implementation plan implicit in these runs is the least cost arrangement of
discharge reductions.

To calculate benefits, dissolved oxygen is translated into sustainable
recreation activities using the table of equivalents developed by Vaughan [1981]
and displayed here schematically as Figure 2-A. Then the three alternative
methods of benefit calculation were applied as summarized in Table 4-A, where the
per capita per day values of the alternative sustainable activity measures of
quality are drawn from (Smith and Desvousges [1986]).

What we have not done is to associate numbers of people with particular
receptor locations along the river. ("Receptor location" is usually called
"reach" in the water pollution field. It means a stretchof river within which
ambient quality is assumed the same.) This is difficult to do in any case
without a study to measure the recreational suitability as determined by non-
water quality characteristics. But it is even more difficult to do within a
massive urbanized agglomeration such as that from Wilmington, Delaware, to

Trenton, New Jersey, that surrounds the Delaware Estuary. The figures in Table 5
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are therefore simply the sums of the relevant per capita benefits over all the
reaches. These figures exaggerate the penalty for ignorance of the environment
to the extent that more individuals could easily travel to and recreate on the
middle reaches. These are the most heavily polluted, and therefore benefits
associated with their cleanup show up in Methods 1 and 2, while any benefits
associated with further cleanup of the most upstream and most downstream reaches
tend to be ignored in those methods.

Note that the use of Vaughan's equivalence in essence begs an important
guestion: Do we have an environmental quality indicator that is connectable both
to discharges and to valued human uses of the environment? Dissolved oxygen is
only one of the elements of a vector of water quality characteristics that
determine how a body of water can be used. It may be the key element for fish
populations but is certainly much less important in determining whether water is
"boatable" (that is to say, pleasant to boat on) or swimmable (where bacterial

counts are turbidity are much more important).
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TABLE 3-A. BASE CASE AND PREDICTED LEVELS OF DISSOLVED OXYGEN:
TWO ALTERNATIVE STANDARDS APPLIED TO THE DELAWARE ESTUARY (PPM)

Base 3.5 ppm 5.0 ppm
Reach Situation Standard Standard

1 8.3 8.6 8.6
2 7.0 7.7 7.7
3 5.6 6.6 6.9
4 4.9 6.0 6.3
5 4.6 5.7 5.9
6 4.4 5.9 6.0
7 3.8 5.9 5.9
8 2.7 5.8 5.9
9 1.8 6.1 6.4
10 1.3 5.3 6.8
11 1.2 3.6 5.3
12 1.2 3.7 6.1
13 1.3 3.6 5.7
14 1.5 4.0 5.7
15 1.8 4.5 6.1
16 2.3 5'2a 6.4
17 2.8 3.0 5.0
18 3.5 3.7 5.1
19 4.2 4.8 5.7
20 5.0 5.8 6.1
21 5.8 6.2 6.2
22 6.6 6.6 6.6
Average 3.7 Standard 3.5 Standard 5.0

Source : W. O. Spofford, Jr., C. S. Russell, and R. A. Kelley, 1976,

Environmental Quality Management: An Application to the | ower Delaware Valley

(Washington, DC: Resources for the Future).

The standard actually imposed by Vaughan et al. was 3.0 ppm. But 3.5 is a
lower bound for boatable quality qwater in the Vaughan scale, so we treat
this run as though the standard were 3.5 for purposes of Method 2

calculations.
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TABLE 4-A. CALCULATING SURROGATE BENEFITS FOR DISSOLVED OXYGEN
IMPROVEMENTS IN THE DELAWARE ESTUARY BY METHOD

Method 1
Base Case Average: 3.7 ppm (B)
3.5 ppm Standard 3.5 ppm (B) Benefit = 0 x 22 =0
5.0 ppm Standard 5.0 ppm (G) Benefit = $19.1 x 22 = 420.6
Marginal Benefits Marginal Benefits
Methods 2 and 3 Method 2 Method 3
Base Case
e u a tandard 3 a
1 S - - - -
2 S - - - -
3 G - - S (35.4) -
4 B - G (19.1) G (19.1) -
5 B - G (19.1) G (19.1) -
6 B - G (19.1) G (19.1) -
7 B - G (19.1) G (19.1) -
8 U B (20.5) G (19.1) G (39.6) -
9 U B (20.5) G (19.1) G (39.6) -
10 U B (20.5) G (19.1) G (39.6) S (35.4)
11 U B (20.5) G (19.1) B (20.5) G (19.1)
12 u B (20.5) G (19.1) B (20.5) ~(19. 1
i3 v B (20.5) G (19.1) B (20.5) v (19.1,
14 U B (20.5) G (19.1) B (20.5) G (19.1)
15 U B (20.5) G (19.1) B (20.5) G (19.1)
16 U B (20.5) G (19.1) G (39.6) .
17 U U G (39.6) U G (39.6)
18 B - G (19.1) - G (19.1)
19 B - G (19.1) - G (19.1)
20 G - - - -
21 G - - - -
22 S - - - -
Totals 184.5 326.1 372.7 208.7

A dash (-) indicates no improvement in sustainable recreational use over the

next lower standard or over the base case as appropriate.
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Figure 2-A
DO Sustainagle Associated Annual Marginal
ppm Activity Shorthand Willingness to pay per person
Swimmable S $35.4
(plus fishing
7.0 and boating)
6.5
6.0
Game Fishable G $19.1
5.5 (plus boating)
5.0
4.5 Boatable B $20.5
4.0
3.5
Unacceptable u 0
for boating
a - . . .
Source: William J. Vaughan, 1981, The Water Quality Ladder,” Appendix Il in Robert C.

Mitchell and R. T. Carson, An Experiment in Determining Willingness to pay for National

Water Quality Improvements (Washington, DC: Resources for the Future, draft report).

b Source : Smith and Desvousges [1986].
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